The efficacy of Ocimum gratissimum leaf powder and ethanol extract on adult Periplanata americana under laboratory condition was studied to control the nuisance of the pest. The mean mortality count of adult Periplanata americana was highest (84) in 50 g leaf powder and lowest (3) in the control. The highest mortality (125) was recorded in 96 hr exposure time while the lowest (17) was recorded in 24 h exposure time. There was significant difference (P-value = 0.05) in the mortality with increase in grams and exposure time of leaf powder and the control at 5% level of significance. The mean mortality count of adult P. americana was highest (104) in 50 ml ethanoic extract and lowest (1) in the control. The highest mortality (143) was recorded in 96 hr exposure time while the lowest (55) was recorded in 24 h exposure time. There is significant difference (P-value = 0.05) in the mortality with increase in grams and exposure time of leaf powder and the control at 5% level of significance. The efficacy of O. gratissimum Ethanol extract is more than the leaf powder. There was significant difference in mortality in both increase in concentration levels and exposure time at 5% level of significance in both leaf powder and ethanol extract.
Introduction
Ocimum gratissimum ( O. gratissimum is grown for the essential oil in its leaves and stems. Eugenol and to a lesser extent thymol extracted from the oil are substitutes for clove oil and thyme oil. The essential oil is also an important insect repellent. The whole plant and the essential oil have many applications in traditional medicine, especially in Africa and India. Preparations from the whole plant are used as stomachic and in treating sunstroke, headache and influenza. The seeds have laxative properties and are prescribed against gonorrhoea. The essential oil is applied against fever, inflammations of the throat, ears or eyes, stomach pain, diarrhoea and skin diseases. It is being tested as an antibiotic. In Indonesia (Sumatra) a tea is made from the leaves, while in Thailand the leaves are applied as a flavouring.
In Indonesia the eugenol-type of O. gratissimum is used in the ceremonial washing of corpses and is planted in graveyards. In India O. gratissimum, named "ram tulsi", is widely used in religious ceremonies and rituals [1] . The thymol-type oil is a dark yellow to orange-yellow or brownish liquid with a medicinal-spicy, warm and somewhat herb-like odour. Its flavour is warm, slightly astringent and burning, and has a sweet medicinal aftertaste. Analysis of several samples of essential oils from O. gratissimum from Central and West Africa rich in thymol indicated that their main constituents were thymol, gamma-terpinene, p-cymene and eugenol. The concrete obtained by solvent extraction is much richer in thymol than the distilled oil. A geraniol-rich type, found in the United States, contained mainly geraniol (84% -88%) with small amounts of gamma-muurolene, neral, beta-caryophyllene and limonene. The citral type, reported from Iran, Pakistan and India, is rich in citral (67%) and geraniol (26%). O. gratissimum is also cultivated as a hedge plant [1] The American cockroach (Periplaneta americana), also colloquially known as the water bug, but not a true water bug since it is not aquatic, or misidentified as the palmetto bug. It is the largest species of common cockroach, and often considered a pest. It is also known as the ship cockroach, kakerlac, and Bombay canary. Despite the name, none of the Periplaneta species is endemic to the Americas; P. americana was introduced to the United States from Africa as early as 1625. They are now common in tropical climates because human activity has extended the insect's range of habitation, and are virtually cosmopolitan in distribution as a result of global commerce. American cockroaches (Plate 2) are also known as plagues in the warm Meditation coast of Spain of, as well as in southern Spain and southern Portugal (starting from and in the canary Island; where the winters are mild/warm and frost-free, and the summers are hot.
Cockroaches date back to the carboniferous period. They are thought to have emerged on the supercontinent Pangaea, or on Gondwana, the daughter continent of Pangaea. The cockroach made many adaptations over the years to be able to survive the major die-offs to which many species succumbed. However, like all the extant species, the American cockroach has probably evolved in the last few millions to thousands of years and is a fully modern organism.
American cockroach has an average length of around 4 cm (1.6 in) and about The insect can travel quickly, often darting out of sight when someone enters a room, and can fit into small cracks and under doors despite its fairly large size.
It is considered one of the fastest running insects.
In an experiment, P. americana registered a record speed of 5. After about two days, the egg cases are placed on a surface in a safe location. Egg cases are about 0.9 cm (0.35 in) long, brown, and purse-shaped. Immature cockroaches emerge from egg cases in 6 -8 weeks and require 6 -12 months to mature. After hatching, the nymphs feed and undergo a series of 13 moultings (ecdysis). Adult cockroaches can live up to an additional year, during which females produce an average of 150 young. American cockroaches are omnivorous and opportunistic feeders that eat a great variety of materials such as cheese, beer, tea, leather, bakery products, starch in book bindings, manuscripts, glue, hair, flakes of dried skin, dead animals, plant materials, soiled clothing, and glossy paper with starch sizing. They are particularly fond of fermenting foods. They have also been observed to feed upon dead or wounded cockroaches of their own or other species. In cold climates, these cockroaches may move indoors when the weather turns cold, seeking warmer temperatures and food. Cockroaches may enter houses through sewer connections, under doors, or around plumbing, air ducts, or other openings in the foundation. Cockroach populations may be controlled through the use of insecticides. Covering any cracks or crevices through which cockroaches may enter and cleaning any spills or messes that have been made is beneficial, so cockroaches are not able to enter and are not attracted to the food source. Another way to prevent an infestation of cockroaches is to thoroughly check any material brought inside. Cockroaches and egg cases can be hidden inside or on furniture, in boxes, suitcases and grocery bags among others. Table 1 is a comparison of three common cockroaches.
The threat of insects and other pests particularly cockroaches, is well known and have been a challenge to man. Cockroaches are the most abundant insect pest of public health importance; they infest hospitals, food manufacturing industries, kitchens and residential apartments [2] . Cockroach infestation has always raised safety concerns, especially as carriers of food-borne pathogens and food spoilage organisms [3] . As they feed on materials, cockroaches leave filth and secrete oily liquid having offensive and sickening odour that ruin food [4] . Cockroaches feed on human excreta as well as human food, thus are potential transmitters of diseases such as dysentery, typhoid, cholera and other food-borne infections which have been experimentally confirmed [5] . Dust containing cockroach excreta triggers allergen reaction such as wheezing in many individuals, making it particularly harmful to asthmatic patients. A robust association has been established between the presence of cockroaches and increase in the severity of asthma symptoms in individuals sensitive to cockroach allergen [6] [7] .
Cockroaches are the most persistent pest to have colonized the planet. Since their origin, not only do they present a variety of health hazard when found in our houses, but are also a threat in commercial places, spreading diseases through any food source, that they come in contact with [6] . Cockroaches can cause food poisoning by crawling into food materials [7] . Cockroach bite in humans lead to an extremely infested wound, so cockroach infection should be treated immediately.
The presence and rising population of cockroach in our homes, especially the kitchen, poses great problems. In spite of so many pesticides used continuously, it seems as these pesticides although kill directly some of it, however cause side effects to humans [6] . Cockroach as pests, pose many health hazards to people.
They also cause the destruction of tangible assets and can be damaging to human health too. They damage fabrics, book bindings and foods. This is largely due to the fact that they excrete only liquid which is not only dirty and filthy but carries an odour which is offensive to the nose, and can contaminate food substances [6] . Cockroach control is carried out using pesticides in form of chemical or gels, however, these alone are not 100% effective against the pest menace as the chemicals are directly or indirectly toxic, therefore an integrated pest management program is required. The ancient man had deployed different methods of control, including prayers, magic spells, cultivation systems, mechanical practices as well as application of organic and inorganic substances [8] .
Between 500 BC and the 19th century a number of substances which were classified as pesticides and defined as "any substances or mixture of substances for preventing, destroying, repelling or mitigating any pest" were used to control pests. The best pest control method is that which is non-toxic and environment Dictyoptera (cockroaches and mantis), Coleopera, Isoptera, Homoptera, Heteroptera, Diptera Orthoptera and others [9] . Developing countries and Nigeria in particular face the most challenges in achieving the sound management of pesticides. A large proportion of the population in Nigeria is directly engaged in agricultural work, often on a very small scale. While evidences abound that botanical pesticides are generally safe and effective [10] , their use in Nigeria as in other parts of Africa is still hampered by some challenges such as most data on botanical pesticides been obtained from laboratory trials; field data are rare.
There is still hardly any developed appropriate technology for the application of botanicals, especially the oil and dust formulations [11] . Also compared with synthetic insecticides, the effects of natural insecticides are short-lived thus frequent applications are required to obtain reasonable degree of crop protection?
Furthermore, bio pesticides formulations are yet to be available in usable forms to farmers in commercial quantities so as to serve as alternatives to synthetic pesticides. From the foregoing, the need to advocate for and implement integrated pest management strategies both on field pests, storage product pests, structural pests and domestic pests is indispensable. Therefore the discovery advocating for the adoption and promotion of the use of bio pesticides like Ocimum gratissimum in an integrated pest management frame work is quite relevant.
Materials and Methods
Fresh leaves of Ocimum gratissimum were collected form Amassoma Town in Southern Ijaw Local Government Area, Bayelsa State, Nigeria. They were identified at the herbarium of the University of Port Harcourt, Rivers State, Nigeria.
The leaves of O. gratissimum were separated manually. The plant leaves were oven dried under the temperature of 60˚C overnight [12] . The dried leaves were ground into powder using electric blender (Binatone model) and sieved to obtain fine powders. The plant powders were put in air tight containers separately to ensure that the active ingredients are not lost. The powders were stored in a cool dry place until when needed.
For the extract, 1.5 kg of the powder was mixed with 2.8 liters of Ethanol and the mixture was allowed to stand overnight in the refrigerator. The following morning, this mixture was blended and filtered. The filtrate was evaporated using a desiccator and the resultant yield was 60 g of the extract which was about 4% yield. This was preserved in the refrigerator at 40c until ready for use. The total of Two hundred and forty (240) adult American cockroach used for the experiment were reared in a plastic container under ambient laboratory temperature of 30˚C ± 3˚C and 75% ± 3%. P. americana was fed with bread crumbs. One hundred P. americana were introduced into each treatment. All Treatments were arranged in completely randomized design (C.R.D). 
Results
The mean mortality of adult Periplanata americana exposed to Ocimum gratissum leaf powder is presented in Table 2 . The result showed that the mean mortality count of adult Periplanata americana was highest (84) in 50 g leaf powder and lowest (3) in the control. The result also showed that the highest mortality (Table 3 ).
The mean mortality of adult P. americana exposed to O. gratissum ethanoic extract is presented in Table 4 . The result showed that the mean mortality count of adult P. americana was highest (104) in 50 ml ethanoic extract and lowest (1) in the control. The result also showed that the highest mortality (143) was rec- (Table 5 ). The result Table 2 and Table 4 show that the efficacy of O. gratissimum Ethanol extract is more than the Table 4 . Mean mortality of adult Periplanata. americana exposed to Ocimum gratissum ethanoic leaf extract (ml). Table 5 . Analysis of mortality rate in adult P. americana exposed to O. gratissum ethanoic leaf extract (ml). 
Discussion
Biopesticides or plant based fumigants have long been reported as attractive alternatives to synthetic fumigants for the management of arthropods because botanicals pose little threat to the environment or to human health [13] . The result of this study showed that Ocimum gratissum the leaf powders and ethanoic extracts effective biocides for cockroach control. It also showed that the efficacy of O. gratissimum Ethanol extract is more than the leaf powder. Orwa et al. [1] reported that O. gratissimum is grown for the essential oil in its leaves and stems.
Eugenol and to a lesser extent thymol extracted from the oil are substitutes for clove oil and thyme oil. The essential oil is also an important insect repellent.
Ocimum is known for its pesticide properties due to diverse group of compounds in its essential oil [14] . O. gratissimum essential oil is reported to contain bioactive constituents that are insecticidal and repellent [15] .
The toxicity is due to the toxic effects of the compounds eugenol, mono and sesquiterpenoids found in the plant extract. Sosan et al., [16] , studied on larvicidal activity of O. gratissimum on larvae of Aedes aegypti L. and found that oil exhibited 100% mortality at 300 mg/L concentration of 24 hours of exposure.
Leaves and extracts of leaves of Ocimum species are reportedly useful as grain protectants in Eastern Africa. Jinq et al., [17] reported the use of leaves of Ocimum in controlling the life stages of mosquito. They concluded in their studies that Ocimum species have larvicidal action on mosquitoes. O. gratissimum has been used extensively in the traditional system of medicine in many countries. In the coastal areas of Nigeria, the plant is used in the treatment of epilepsy, high fever and diarrhea [18] . In the savannah areas, decoctions of the leaves are for mental illness [19] . The leaf O. gratissimum is used by the Ibos of the south eastern Nigeria in the management of the baby's cord, to keep the wound surfaces sterile [20] . It is also used in the treatment of fungal infections, cold and catarrh [21] . Brazilian tropical forest inhabitants used decoction of O. gratissimum roots as sedative for children. People of Kenya and sub-Saharan Africa used it in the treatment of abdominal pains, sore eyes, infections, coughs, barrenness, fever, convulsions and tooth gargle, regulation of menstruation and as a cure for the prolapsed of the rectum [22] . In India, the whole plant has been used for the treatment of sunstrokes, headache and influenza. The tribes of Nigeria use the leaves extract for the treatment of diarrhea, while the cold leaves infusions are used for the relief of stomach upset and haemorrhoids [23] .
The plant is commonly used in folk medicine to treat different diseases such as upper respiratory tract infection such as pneumonia, cough and other diseases such as diarrhea, headache, diseases of the eye, skin diseases, fever and conjunc- [28] . A test on guinea pigs found evidence that the essential oil relaxes the muscles of the small intestine, consistent with the traditional use of the plant to treat gastrointestinal disorder [29] . O. gratissimum is also said to have antitumor, anticancer potentials [30] . A study on rats also found evidence that the leaf extract of the plant prevented diarrhea [31] . O. gratissimum ethanolic extracts showed a hepaprotective effect [32] [33] . Ocimum oil is active against several species of bacteria (Escherichia coli, shigella, salmonella and proteus), and fungi (Trichophyton rubrum and Trichophyton mentagrophytes) [34] . A previous screening of the crude extracts of plants used in traditional medicine showed that the essential oil of O. gratissimum inhibited growth of Herpetomonas samuelpessoai [35] . ROS can cause oxidative damage to proteins, lipids, enzymes, and DNA, and they have also been linked to pathogenesis of oxidative diseases. Living cells possess an excellent scavenging mechanism to avoid excess ROS induced cellular injury, however, with ageing and under influence of external stresses, these mechanisms become inefficient, and dietary supplementation of synthetic antioxidants is required [36] .
Aromatic plants such as O. gratissimum, particularly their essential oils, are being evaluated for antioxidant activity. O. gratissimum plant contains large amounts of antioxidants other than vitamin C, vitamin E, flavonoids and carotenoids. The presence of many pharmacologically active compounds in Ocimum species provides them protection against free radical induced oxidative damage of cellular components. The antioxidant capacity of basil essential oils has been studied several times [37] . The comparative antioxidant activity of essential oils of four Ocimum species (O. basilicum, O. canum, O. gratissimum and O. sanctum) by DPPH bioassay and found that O. gratissimum was the most anti-oxidative [38] .
Oral and intraperitoneal acute toxicity and the subchronic intraperitoneal toxicity of the essential oil of O. gratissimum were investigated. The acute toxicity test involved oral and intraperitoneal administration of graded doses of Ocimum oil prepared as a 4% v/v emulsion to two groups each of 30 rats and mice.
LD50 and LD100 were determined for both routes and species. In the sub chronic toxicity study, 25 male Sprague-Dawley rats were randomized into four test groups and a control. Organs and blood samples were taken for analyses after a 30 days treatment period. A dose dependent sedative effect of Ocimum oil was observed during the acute toxicity study in mice and rats and in the subchronic test in mice and rats. Evidence of treatment, route, and dose-dependent toxicity were detected in both studies [39] . Change in weight of the testes, hearts, kidney, intestines and lungs of the rats were statistically insignificant. Data analysis of blood biochemical, haemotological and histopathological findings showed significant differences between control and treated groups and revealed that O. gratissimum essential oil is capable of invoking an inflammatory response that transits from acute to chronic on persistent administration [40] . While the study revealed that Ocimum oil might be better tolerated orally for systemic delivery, the oil has toxic potentialities that should not be overlooked [41] . It was also reported that O. gratissimum can affect macrophage functioning and can also be hepatocarcinogenic [42] . Essential oils derived from several Ocimum species have been reported to be active against several Gram-positive and Gram-negative bacteria as well as against yeasts and fungi due to their terpenic constituents [43] . Recently, essential oils and extracts of certain plants have been shown to have antimicrobial effects [44] . Janssen et al., [45] investigated the antimicrobial potential of four Ocimum species viz., O. canum, O. gratissimum, O. trichodon and O. urticifolium grown in Rwanda against E. coli, Bacillus subtilis. As an example of anti-mycotic activity, the oil of O. gratissimum leaves was fungicidal at 78 mg/L for Microsporum gypseum while a concentration of 312 mg/L was required to inhibit growth of Candida albicans and Cryptococcus neoformis [46] .
When mixed separately with stored cowpea seeds as pest control agents caused the mortality of adult CI. maculatus compared to the control (4.00 ± 1.41; 2.67 ± 1.41; 1.89 ± 1.17). This result agrees with previous studies. Raguraman and Singh [47] ; Musa et al. [48] ; Moses and Dorathy, [49] carried out on A. indica and V. amygdalina plants species as a potential botanical pesticides. Raguraman and Singh (2000) reported that neem tree has long been recognized for its pesticidal properties against insect pests. Moses and Dorathy [49] reported that bitter leaf gave the best protection against cowpea weevil when compared with garlic and ginger. The significant difference (P < 0.05) obtained in the mortality of C. maculatus by comparing the efficacy of A. indica leaf powder with the control is an indication that A. indica leaf powder has some insecticide properties capable of controlling pests of stored cowpea. This study also supports Girish and Shankarah, [50] who reported that neem tops the list of 2400 plant species that are reported to have pesticide properties and is regarded as the most reliable source of eco-friendly biopesticide properties. However, no significant difference exists between V. amygdalina and A. indica leaf powder and between V. amygdalina leaf powder and the control. In contrast to the findings of Brisibe et al., [51] who reported that, of the three botanical pesticides (A. annua; A. indica and Open Access Library Journal O. gratissimum) tested, the highest adult insect mortality rate was recorded in the treatment with the highest concentration (20 g/250g cowpea seeds) of dried and pulverized leaves respectively. They reported that at the concentration of 5 g of the tested botanicals, no significant difference existed among them but in the present study, the treatment with the highest concentration of 5 g of the leaf powders of A. indica on 30 g of cowpea seeds caused a significant difference in the mortality of C. maculatus. The implication of this study is that the leaf powders of the two plant species can serve as botanical pesticides with A. indica leaf powder showing more efficacy than the V. amygdalina leaf powder.
Conclusion
Ocimum gratissimum leaf powder and ethanol extract are very effective in the control of Periplanata americana and other insect pest. The ethanol extract is however more effective than the leaf powder and should be recommended for controlling the menace of American coachroach since it is void of adverse environmental pollution. To solve the menace of cockroaches, effort should be geared towards applying O. gratissimum leaf powder or its ethanoic extract to safeguard the adverse effects of conventional pesticides. Furthermore, O. gratissimum is cheap and readily available. However, further research is required to determine the efficacy of the scent leaf using higher concentrations and on a wide range of other common insect pests.
